. The procedure was briefly as follows. Cultures of the donor and of the recipient, growing exponentially in nutrient broth (Oxoid) at 37 C, were mixed so that the ratio of F-cells to Hfr cells was approximately 5:1. The mixture was shaken gently for 5 min at 37 C and then diluted 200-fold into salts medium supplemented with glucose (4 mg/ml), thiamine (0.5 ,ug/ml), L-histidine (40 ,g/ml), nicotinic acid (0.1 ,g/ml), nicotinamide (0.1 ug/ml), and nutrient broth (70 Ag/ml). The diluted mixture was incubated at 37 C without shaking. Samples (1 ml) were withdrawn at suitable times, and the mating was interrupted by agitating the mixture vigorously for 1 min on a Super-Mixer (Labline Instruments Inc.). Samples (0.1 ml) were spread on agar plates of appropriate selective media. The composition of these media was: minimal salts medium supplemented with glucose, thiamine, and streptomycin (50 ug/ml) and containing (i) nicotinic acid (for the selection of his+ strR recombinants), (ii) L-histidine and nicotinamide (for the selection of nam+ strR) recombinants), or (iii) L-histidine (for the selection of nic+ strR recombinants). The 
Two distinct pathways, one of which utilizes nicotinic acid and the other nicotinamide, are known in biological systems for the synthesis of nicotinamide adenine dinucleotide (NAD) from the vitamin; the two biosynthetic routes feature no common intermediates (5) . Several organisms employ exclusively the nicotinic acid pathway and can use nicotinamide only after deamidating it through the action of the enzyme nicotinamide deamidase (nicotinamide amidohydrolase). The function of this enzyme in such organisms thus appears to be to provide nicotinic acid for NAD formation from nicotinamide, either supplied exogenously or produced by the breakdown of preexisting NAD. The isolation of nicotinamide deamidase-deficient mutants of Escherichia coli K-12 was previously reported (6) Taylor and Thoman (7). The procedure was briefly as follows. Cultures of the donor and of the recipient, growing exponentially in nutrient broth (Oxoid) at 37 C, were mixed so that the ratio of F-cells to Hfr cells was approximately 5:1. The mixture was shaken gently for 5 min at 37 C and then diluted 200-fold into salts medium supplemented with glucose (4 mg/ml), thiamine (0.5 ,ug/ml), L-histidine (40 ,g/ml), nicotinic acid (0.1 ,g/ml), nicotinamide (0.1 ug/ml), and nutrient broth (70 Ag/ml). The diluted mixture was incubated at 37 C without shaking. Samples (1 ml) were withdrawn at suitable times, and the mating was interrupted by agitating the mixture vigorously for 1 min on a Super-Mixer (Labline Instruments Inc.). Samples (0.1 ml) were spread on agar plates of appropriate selective media. The composition of these media was: minimal salts medium supplemented with glucose, thiamine, and streptomycin (50 ug/ml) and containing (i) nicotinic acid (for the selection of his+ strR recombinants), (ii) L-histidine and nicotinamide (for the selection of nam+ strR) recombinants), or (iii) L-histidine (for the selection of nic+ strR recombinants). The The times at which his+ recombinants appeared in the two mating experiments were fully consistent with the chromosomal position of the his gene shown in Fig. 1 . In the cross with AT2571 as donor, the time of entry of the his+ gene into the recipient was 26 min and that of the nam+ gene was 20 min. In the cross employing AT2572 as donor, the order of the two genes was reversed, as expected, and their times of entry were 5 and 11 min, respectively. These results show that the distance between the his and the nam loci is about 6 min. From the known directions of chromosome transfer by the two Hfr strains and the position of the his gene, the nam gene is thus situated at about 33 min on the E. coli map shown in Fig. 1 . The cross with Hfr AT2572 yielded virtually no nic+ recombinants, and that with AT2571 produced a relatively small number after 50 min of mating. It appears that the nic gene is close to the str locus, and this may account for the low frequency of the nic+ recombinants in these experiments. It is clear, however, that both the nam and the his genes can be clearly separated from the nic region. This was confirmed by the failure of the nic+ character to appear in the selected his+ and nam+ recombinants. On the other hand, the frequency of the nam+ allele among the his+ recombinants and of the his+ allele among the nam+ recombinants was relatively high in both experiments. Thus, in the cross involving AT2571, 75% of the his+ recombinants obtained after 30 min of mating were nam+; the frequency of the his+ marker among the nam+ recombinants was 16% after 30 min of mating and 30 % after 36 min of mating. In the cross with AT2572, 20% of the his+ recombinants were nam+ and 66% of the nam+ recombinants were his+ after 15 min of mating. These results are in accord with the position close to the his region assigned to the nam gene.
Six nam+ recombinants from each cross were isolated in pure state by restreaking and were assayed for nicotinamide deamidase by the method described (6); all of the recombinants had regained the enzyme activity. This result FIG. 1. Geiietic map of E. coli K-12, adapted from Taylor an7d Tlhomant (7) . The map is nlumbered at IOmilt i,itervals. The gentetic markers showni are definied hi the text. The arrows show the poin1ts ofoI-iginl alnd the directioits of chromosome transfrr of the two Hfr straints iused.
supports the idea that E. coli utilizes nicotinamide for NAD synthesis after converting it to nicotinic acid.
